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Pleural Mesothelioma: A Necropsy-Based Study

Claudio Bianchi, Mp,* Alessandro Brollo, MD, Lucia Ramani, scb, and Clara Zuch, mp

Pleural plague is recognized as a reliable marker of previous exposure to asbestos. However,
it is controversial whether pleural plaque is a risk indicator for asbestos-related malignan-
cies.-In the present study, the thoracic cavities were examined for pleural plagues in 3,005
necropsies performed at the Monfalcone Hospital in people aged 15 years or older. Plaques
were classified into three classes: 1, small (plaques measuring 1-4 cm in major diameter); 3,
large (plagues involving a major part of a hemithorax); and 2, moderate (intermediate
conditions). The prevalences of pleural plaques were 70.9% among men, and 24.0% among
women. The prevalences of plaques (total plagues, various classes) among subjects with
pleural mesothelioma were compared with those observed in the remaining cases. The series
included 92 subjects with malignant pleural mesothelioma (82 men and 10 women).
Mesothelioma cases showed higher prevalences of total plaques as well as higher prevalences
of clusses 1, 2, and 3, when compared with controls. These differences reached the statistical
significance for total plagues. and classes 2.3. The present data are consistent with the idea
that pleural plague is a risk indicator for pleural mesothelioma. Am. J. Ind. Med.
32:445-449,1997. © 1997 Wiley-Liss, Inc.

KEY WORDS: asbestos; pleural plaque; pleural mesothelioma; risk factors; necropsy

studies

NTRODUCTION

The incidence of malignant mesothelioma, a cancer
closely related to asbestos exposure, shows a dramatic and
progressive increase in many countries [Iwatsubo et al.,
1994; Peto et al., 1995; Leigh et al., 1996]. Such an increase
has been defined as an epidemic [Huncharek, 1992; Peto et
al., 1995]. The proportion of mesotheliomas attributable to
asbestos varies considerably, reaching 90-100% in some
series [Giarelli et al., 1992; Bianchi et al., 1993].

In identifying and in characterizing asbestos-related
cancer, it is critical that the existence of a previous exposure
tc ashestas as well as the degree of such an exposure might
be documented by objective signs. Lung asbestos bodies
{and fibers) [Murai et al., 1995] and pleural plaques [Hiller-
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dal, 1980; Jirvholm et al., 1986; Chailleux et al., 1988} are
well-recognized markers of exposure to asbestos. In particu-
lar, pleural plaque has extensively been investigated during
the last decades.

Pleural plaques are whitish, sharply circumscribed,
fibrous, hyaline, sometimes calcified, patches involving
parietal pleura. The relationship between pleural plague and
asbestos exposure has convincingly been proved. Generally,
there is a direct relation between the intensity of asbestos
exposure and the total area of the pleura involved by the
plaques [Bianchi et al., 1991].

Pleural plaques may be detected by various ways:
standard chest x-rays, computed tomography (CT), pleuros-
copy, thoracotomy, and necropsy.

The meaning of pleural plaques in terms of cancer nisk
has not been exactly defined [Weiss, 1993; Hillerdal, 1994;
Smith, 1994]. In the present study, based on necropsy
material, the relationship between pleural plaques and
malignant mesothelioma, has been investigated.

QOur research has been conducted in the Monfalcone
area (northeastern Italy), a small industrial district (about
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TABLE {. Prevalence of Pleural Plaques in a Necropsy Series, Monfaicone Area, Oct. 1979-March 1295

Bianchi et al.

Pleural plaques, men %

Pleural plaques, women % <)

Age No. of No. of
(years) cases Absent Small Moderate Large cases Absent Small Moderate Large
15-29 2 100.0 0.0 0.0 0.0 2 100.0 0.0 0.0 0.0
30-39 25 60.0 8.0 20.0 12.0 13 923 7.7 0.0 G.0
40-49 80 35.0 21.3 225 - 21.3 27 926 7.4 0.0 0.0
50-59 248 30.5 20.7 25.2 236 55 727 236 36 0.0
6069 445 28.1 274 258 18.7 151 69.5 232 6.6 07
70-79 645 26.2 2286 307 20.5 361 726 21.3 5.5 06
80-89 405 29.1 235 28.1 19.3 442 79.2 16.7 38 0.2
>90 _ 3 500 300 13.3 67 _ T8 803 145 53 0.0
Total 1,878 29.1 235 275 199 1127 76.0 18.9 47 04
60,000 inhabitants), with large shipyards. This area is Statistical analysis was performed by Epi Info. version

characterized by a very high incidence of asbestos-related
mesothelioma [Bianchi et al, 1993] and by very high
prevalences of pleural plaques in the necropsy population
[Bianchi et al., 1991).

MATERIALS AND METHODS

From October |, 1979 to March 31, 1995, 3,041
necropsies were performed at the Monfalcone Hospital.
Necropsy rates in this period were 46.5% for males, and
33.9% for females who died at the hospital. All the 3,005
necropsies carried out in the above period on subjects aged
15 years or older were included in the study. In each case, the
thoracic cavity was carefully inspected for the presence of
pleural plaques. The necropsies were carried out by six
pathologists, all of them involved in the research on the
prevalence of pleural plaques. Whitish hyaline patches,
unilateral or bilateral, calcified or not, involving parietal
pleura, were considered as pleural plaques. Histological
examination of pleural plaques was performed in the major-
ity of the cases.

Pleural plaques were classified into three classes: 1,
small; 2, moderate; and 3, large on the basis of the size of the
plaques. Class 1 included the cases with small plaques (14
cm in major diameter); class 3 corresponded to cases with
large plaques involving the majoriry of a hemithorax; class 2

=

—~ 13 .
L,umyuaeu the intermediate cos

ral cavities differed one from the other (one side only bemo
involved by the plaques, or both sides being involved but at
different degrees), the classification of the case was based on
the aspect of the involved, or of the more seriously involved,
side.

The prevalence of pleural plaques among sub‘ects with
malignant pleural mesothelioma was compared with that
observed in the remaining cases.

15, When the two n]nn_

5, from the Centers for Disease Control (Atlanta, GA). To
compare pleural cancer cases with the remaining subjects,
Mantel-Haenszel weighted odds ratios with Cornfield 95%
confidence limits were calculated, after stratification by age
(10-year intervals). When absolute numbers were too low,
odds ratios were computed without age stratification, with
exact 95% confidence iimits. The chi-square test for trend
(Mantel extension) was used to compare the crude odds
ratios obtained for the various classes of plaques.

RESULTS

The series consisted of 1,878 men and 1,127 women.
The prevalences of pleural plaques were 70.9% in men., and
24.0% in women, Pleural plaques were rare among younger
people, but their prevalence increased after the age of 30
years in men, and after the age of 50 in women. There were
marked sex differences in the distribution of the three classes
of plaques (Table I). The prevalence of pleural plaques in
malignant pleural mesothelioma is reported in Table IL
People with mesothelioma showed higher prevalences of
pleural plaques (total plaques, as well as classes 1, 2, and 3).
when compared with controls (Tables III, IV). The differ-
ences were significant for total plaques and classes 2 and 3.

When the odds ratios obtained for the various classes of
plaques were analyzed by the chi-square test for linear trend,
highly significant values were observed (Table V).

DISCUSSION

The prevalence of pleural plaques in the general popula-
tion varies widely, depending on the method employed and
on the geographical area investigated [Hillerdal, 1980;
Jirvholm et al., 1986; Chailleux et al., i988]. Conventionai
chest radiography has low sensitivity In detecting pleural

———
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’ TABLE . Prevalence of Pleural Plaques in Malignant Pleural Mesothelioma, Monfalcone Area, Oct. 1979-March 1995

{ Pleural plagues, men % Pleural ptaques, wamen %
Age No. of fo. of
{years) cases Absent Small Moderate Large cases Absent Small Moderate Large
4049 4 0.0 0.0 50.0 50.0 1 100.0 0.0 0.0 0.0
50-59 12 8.3 25.0 16.7 50.0 2 100.0 0.0 6.0 0.0
60-69 23 43 30.4 304 34.8 1 0.0 100.0 0.0 0.0
70-79 28 14.3 14.3 321 39.3 2 0.0 0.0 50.0 50.0
80-89 14 214 214 21.4 357 4 0.0 75.0 25.0 0.0
>%0 Bl 00 00 00 0 0 = - — ~
Total 82 110 207 28.0 40.2 10 30.0 400 200 100
TABLE Ill. Comparison Between Prevalences of Pleural Plaques in TABLE V. Pleural Plagues in Pleural Mesothelioma Versus Controls
Pleural Mesothelioma and Controls (Men), Monfalcone Area, Oct. ' Analyzed by Linear Trend Test, Monfalcone Area, Oct. 1979~
1979-March 1995 March 1995
Pleural mesothelioma vs controls Men Women
Pleural plaques Crude DR Crude OR
MH?
Pleural MH-weighted summary Comfield  ppcent 1.00 1.00
plaques OR chi-square P 95%Cl Small 2.39 545
Moderate 279 15.81
Absent ! - . - - Large 5.80
Present 3.43 12.7 0.0004 1.71-7.94
Chi-square for linear trend 24.95 16.539
Small 2.34 359 0.06 097-6.04 p <0.0001 <0.0001
Moderate 270 5.92 0.015 1.20-6.78
Large 573 24.49 <0.0001 2.65~13.8
aMantei—Haenszel.
plaques were radiologically observed in some areas of
TABLE IV. Comparison Between Prevalences of Pleural Plaques in Finland [Jirvholm et al., 1986], Turkey [Jiirvhol'm et‘al‘.,
Pleural Mesothelioma and Controls (Women), Monfalcone Area, Oct. 1986, and Greece [Costantopog]os et al., 1987; Sichletidis
1979-March 1995 et al., 1992]. The figures found in the present study (70.9%
’ among men, and 24.0% among women) are very high, when
Pleural mesothelioma vs controfs compared with the generality of the other necropsy.series.
What does pleural plaque mean? In the history of
Pleural Fisher Exact pleural plaque recognition, four steps, or phases (which
plagues OR exact P 95%Cl partially overlapped) may be distinguished. In the first
phase, for a long time, pleural plagques were interpreted as
Absent 1 _ _ late sequelae of tuberculosis. In the second phase, since the
Present 758 0.0026 171-4562  early 1960s, the idea did emerge (with difficulty) that pleural
plaque indicates a not trivial exposure to asbestos, having
Smatt 545 0.032 0.81-37.39  ,ccurred some 10~20 or more years previously (Hourihane
Maderate and large 1581 0.0040 21-1199  or a1, 1966). Asbestos-related pleural plaque was initiaily

considered completely devoid of any physiopathological
relevance. However, in the third phase, a series of studies

plaques. More reliable data are obtained by using CT and performed, especially during the late decade, suggest that
high-resolution computed tomography {Ameille etal., 1993).  radiologically detectable pleural plaques are associated with
In routing necropsy serzs, prevalences of 8.1-44% among  impairment of pulmonary function [Jarvholm and Sandén,
men. and 0.5-10.0% among women have been reported 1986; Loomis et al., 1589; Bourbeau <t al,, 1000; Kilburn
[Andrion et al., 1982]. Very high prevalences of pleural = and Warshaw, 1990; Kouris et al., 1991]. The fourth phase

——mmEeEmmmmmmmnl
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refers to the relationship of pleural plaques to cancer. The
debate on this crucial point has a long history, but the
question remains open [Weiss, 1993; Hillerdal, 1994; Smith,
1994]. Given the two clear premises: (1) pleural plaque
indicates exposure to asbestos, and (2) asbestos induces
cancer in lung and pleura, the logic would suggest the
conclusion that (3) pleural plaque is a risk marker for pleural
and pulmonary malignancies. Nevertheless, while a few
investigations have supported this conclusion, other studies
did not confirm it [Weiss, 1993; Hillerdal, 1994; Smith,
1994). Studies performed on this topic strongly differ among
them for a number of features, including the design (cohort
studies, case-control studies, necropsy based studies), meth-
ods used in detecting plaques (radiology, direct inspection),
occupational settings. The impact of these differences is not
difficult to appreciate. As far as method of detection is
concerned, it has been reported that only 10-40% of the
plaques visible at direct inspection are identified by radiol-
ogy. A major source of variability is represented by occupa-
tion. The various occupational settings are difficult to
compare among them; people had sometimes been exposed
to one type only of asbestos, and more often to various types.
This problem is strongly complicated by the fact that often
the proportion of the various types of asbestos in a given
workplace is not known. Moreover, the oncogenic potential
of the single varieties of asbestos 15 not completely clear
[Bianchi et al., 1993].

In the Monfalcone area, the necropsy population shows
a very high prevalence of pleural plaques. In this small area,
a large majority of the maie population has spent some part
of his working life in the shipyards. Previous necropsy-
based research, conducted at our Jaboratory [Bianchi et al.,
19917, showed that the workers of the Monfalcone shipyards
were characterized by very high prevalences of pleural
plaques (93.4%), and by high prevalence of asbestos bodies
in routine lung sections (42.8%). Isolation of asbestos bodies
after digestion of the lung tissue from shipyard workers
frequently showed more than 10,000 asbestos bodies per
gram of dried tissue. The other occupational groups showed
by far lower indexes of asbestos exposure. Overall, our
findings showed that in the Monfalcone area, pleural plaques
in men were attributable to occupational exposure to asbes-
tos, occurring mostly in the Monfalcone shipyards; in
women the main cause was domestic exposure to asbestos,
due to cleaning of work clothes, polluted by asbestos.

Necropsy studies are not considered ideal in epidemiol-
ogy. For instance, necropsy investigations are biased by
selection factors. On the other hand, these studies may
furnish information, difficult or impossible to obtain by
other ways. In the case of pleural plaque, necropsy allows
the identification of all the plaques, even if minimal. In
addition, the plagues may oe classified according to their
size; this is very relevant, given the already mentioned
relationship between intensity of exposure to asbestos and

size of the plaques. Measurement of the total area of parietal
pleura involved by the plaque is the best way of evaluating
the plaque. Such method. however, is difficult to apply in
routine necropsies. A pilot study performed at our laboratory
showed that a more rough classification (adopted in the
present investigation), may furnish sufficient information
[Bianchi et al., 1981]. Another point to be considered is that
necropsy allows the identification of all malignancies.
Despite major progress in diagnostic techniques, the percent-
ages of clinical misdiagnoses in oncology remain rather high
[Lancet, 1994; Lee, 1994; de Pangher Manzini et al., 1995].
In particular, discrepancies between clinical and necropsy
diagnosis may reach high levels in the case of malignant
pleural mesothelioma [Giarelli et al., 1994].

The present findings indicate a strong relationship
between pleural plaque and pleural mesothelioma. In the
studies about the relationship between pleural plaques and
cancer, both pleural and pulmonary malignancies were often
considered. In some studies lung cancer only was investi-
gated. The crucial point in the controversy about this topic is
the possible effect of smoking. Since some studies suggest a
role of smoking in the development of pleural plaque. some
researchers retain that smoking could explain the association
between pleural plague and lung carcinoma.

Pleural mesothelioma, explored in our study, is a
condition not related to smoking. In addition. data collected
in the Monfalcone area indicate that mesothelioma patients
do not differ in their smoking habits from the general
population. Therefore, the relationship between pleural
plaques and pleural mesothelioma cannot be explained by
smoking.

Despite major limitations in the use of asbestos (or total
banning of it), the incidence of malignant mesothelioma is
increasing in various countries [Bianchi ct al., 1993 Peto et
al., 1995; Leigh et al., 1996]. In addition, data from Britain
suggest that mesothelioma deaths will continue to increase
for some decades [Peto et al., 1995]. Prevention of mesothe-
lioma in healthy individuals, exposed to asbestos in the past,
1S an aim to pursue. Some prospective studies [Hillerdal,
1994] suggest that detection of pleural plaques may allow
the identification of people at risk for mesothelioma. The
strong association between pleural plaques and mesothe-
lioma, observed in the present investigation, supports such
an idea.
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with large or very large plaques, precisely those at higher
risk of mesothelioma.

Both pleural plaque and pleura mesothelioma are asbes-
tos-related lesions with long incubation periods. Pleural
plagues develop with latencies of 10-20 vears; mesothe-
lioma generally requires longer intervals, latent periods
frequently being 40 years or over [Bianchi et al., 1997].
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Thus, a rather long interval generally separates the
“time of the plaques” from the “time of mesothelioma.”
Such long interval offers an opportunity for preventive
measures, specifically directed to people at risk.

Unfortunately very few data are available at present on
this point [Bianchi et al., 1993]. A study conducted some
years ago [Schiffman et al., 1988] suggested that consump-
rion of vegetables or some vegetable-related constituent
might have a protective effect on the risk of developing
mesothelioma. However, the role of cofactors in the patho-
genesis of asbestos-related mesothelioma remains largely
unexplored. The possibility of identifying a population at
risk should represent a further strong stimulus to intensive
research in this specific area.
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